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Abstract 


Floating material (rafts) is present from the birth of oceans and comes from land (by means of rivers, glaciers, wind, and 
runoffs of any types), or is endogenous if derives from sea organisms and/or volcanic pumice. All the floating material is 
interested by colonization of benthic organisms. An additional distinction can be done on the basis of the organic 
composition, due to the fact that only organic rafts supply also food to rafters. This ancient interaction allowed the 
evolution of a recognizable rafters community, with some species recognized as obliged rafters. In the very recent 
geological period (the Antropocene, last 10,000 years) human activities in the Mediterranean area started to halter this 
already complex frame, and Italy (in the centre of the Mediterranean) has been used as a representation of the general 
phenomenon. In Italian Antropocene, extension of forests has been reduced, floating vehicles have been added to the sea 
surface, without following winds and/or currents, and raft material composition has been changed. In the last 100 years, 
hundreds of dam buildings are acting as logs and trees retainers, new material (plastic) has been added to the system, 
and climate changes (indirectly caused by human activities) are producing extreme phenomena with re-proposal of 
intense runoffs. What is asked is a more detailed perception of how much such changes are affecting the rafters 


communities, adapted to different materials, routes, and timing. 
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Abbreviations: NIS: Non-indigenous Species; MPA: 
Marine Protected Area. 


Introduction 


Benthic species are sedentary (even sessile) in the 
majority of their life duration. A short living, free 
swimming stage (mostly a larva) represented in scientific 
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literature the only opportunity of many benthic species to 
expand their geographic distribution and/or to recover 
local demographic collapses [1]. The Supply-Side Ecology 
was funded on the existence of such pelagic stages 
(larvae), and on their role of propagules in dispersal and 
colonization of new sites [2]. The Supply-Side Ecology 
proposes the role that variable larval input plays in 
determining the size of local adult populations [3-7]. 
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Planktonic stage durations should be related with the 
dispersal range, and the geographic distribution of 
different species [8,9]. Generalization, however, is 
dangerous or impossible, because many benthic species 
without a planktonic stage have been found to be 
successful inhabitats and/or colonizers of extended 
geographic areas more than co-generics with a planktonic 
stage [10,11]. Modular (colonial) organisms, although 
sessile, appear as not dependent from the larva for their 
distribution over a wide geographic scale; in fact, the 
colonial condition appears associated with the lost of a 
long swimming larval stage [9]. Jokiel PL [12] proposed 
the rafting of small sessile colonies on floating pumice as 
the solution for the exchange of reef species propagules 
among volcanic islands in the Pacific Ocean. Bryan SE, et 
al. [13] in addition, described more than 80 species as 
interested by a >5000 km rafting in 7-8 months on 
pumice, consequently the eruption of a volcano in Tonga 
archipelago. Their findings emphasize pumice rafting of 
small benthic colonies as important in the geographic 
distribution of marine benthic organisms. 


Floating Debris as Vectors for Species 
Dispersal 


Larvae are not the only responsible of species 
dispersal, and their huge production in some species, 
when compared with their extremely low survival rate, 
represents an embarrassing lost of genetic material at 
each reproductive event. The high number, however, 
could acquire importance if considered as a strategy to 
intercept floating objects timely available at sea. Benthic, 
travelling rafters could connect, in this way, benthic 
populations of distant sites. Seasonality in reproductive 
phenomena could even represent a pre-adaptation of 
species to profit of periodical availability of floating 
materials at sea (e.g., when these derive from run offs at 
each rain season). Bryan SE, et al. [14] proposed an 
adaptive answer of benthos to earthquakes connected 
with unpredictable volcanic eruptions by coupling 
spawning of coral species with pumice availability in the 
water. The plausibility of the strategy of the rafting 
mediated dispersal, based on the availability of rafts in 
space and time, justifies its consideration as actual, and 
fundamental in the affirmation of coastal benthos which 
evolved synchronization of propagule production with the 
presence period of abundant rafting objects at sea. 


Origin and Destiny of Floating Material 


From the early down of the planet, ocean receives 
materials from land regularly and also in consequence of 
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exceptional weather events. Volcanoes throw pumice in 
the air, winds transport dust all around the planet surface 
(which is represented by ocean for more than 70%), 
glaciers scrape the land surface laying in a river, or 
directly into the sea, what they collected, and rivers 
transport materials from the land to the oceans at least at 
each rain. Such material transport is commonly the field 
study of geology, linked to problems of land erosion and 
sediment accumulation on the sea floor. Some studies of 
paleoecology, in fact, explicitly recognized rafting events 
in the stratigraphic sequences [15]. Materials, of any size 
and type, are destined to long floating time if buoyant. The 
consequential destiny of buoyant material is a sink far 
from their origin site, often after long periods of pelagic 
existence. 


Floating debris can be of many types, but the most 
evident and deserving attention are surely the vegetal 
ones which reach also great volumes if based on the 
presence of wood logs. Differently from the volcanic 
pumice, the presence of organic floating debris is 
widespread in any part of the planet, everywhere a river 
mouth exists, and in addition it also offers organic 
material as food supply for rafters. Engineers of coast 
management report quantities (volumes and weight) of 
log subtracted from forests on land, and transferred by 
rivers to the sea where they accumulate along the coast, 
close to the river mouth, enforcing the coastline in 
capturing and maintaining sediments, and producing 
problems to the management of the coastline by man [16]. 
Rivers, volcanoes, wind, and ice, are the responsible for 
the transport of land materials to the ocean, but 
submarine vegetation could be added to the floating 
material able to transport benthos for long distances [15]. 


Thiel M, et al. [17] recognized three main types of rafts 
according the permanence and the availability in coastal 
areas: a) frequent b) intermittent and c) episodic. All that 
review is focused on the ecological implications of such a 
phenomenon, and its reflections on the species genetics. 
What appears as not duly considered, however, is the 
evolutionary importance it has, to justify any intervention 
of management in the frame of nature conservation. The 
destiny of floating debris is to sink to the sea bed because 
sessile benthos settle on them and, with time, increases 
the weight of the floating structure. In the case of organic 
rafts, microbes and rafters degrade the organic matter 
with time, contributing to a diminution of its floatability. 
The substrate composition inevitably affects the 
composition of the rafters community. Mainly suspension 
feeders are hosted on abiotic rafts (pumice), while grazing 
and boring species abound on rafting macroalgae and 
wood [18,19]. Mouths of large rivers have been always 
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considered a danger for sailing (and for this reason 
accurately avoided by ship routes) just for the possible 
presence of floating debris of large size, sometimes 
intertwined in small floating islands. Such large rafts have 
probably an important role also in the colonization of 
oceanic islands by terrestrial organisms (those able to 
resist for long time to starvation and thirst, possibly with 
a lethargic stage), but a huge importance they should have 
in transferring marine benthos organisms (sessile and 
vagile) in their submerged parts. 


Similarly to teleplanic larvae [20], rafting of sessile 
benthos could be considered responsible of the wider 
geographic distribution of species. In this frame, many 
coastal benthic species should have evolved a 
synchronization of their own reproductive output with 
the season of availability of travelling vegetation in the 
ocean surface (the rainy season, or the hurricane period). 
The production of huge quantities of larvae of some 
species (apparently a squandering of resources) could be 
explained with the precise goal to intercept floating 
vectors and settle sedentary stages on them, with a 
sessile-moving phase able to disperse the population 
propagules more and better than larvae. The historical 
(evolutionary) presence of floating material at sea surface 
is indirectly confirmed by the adaptations of organisms to 
stay on rafts (many of them being obliged rafters), and the 
rafting habitus of large animal groups (as the goose 
barnacles) witnesses for the ancient evolution of such a 
practice. Entire and large communities, as the Sargasso 
ones, are based on floatability and raft, thus testifying the 
evolution from long time of the rafting habitus [19]. 


If the production of huge quantities of larvae could be 
supposed as an_ evolutionary pre-adaptation to 
interception of floating objects, the predominance of 
brooding and/or direct developing species on rafts is a 
fact [19]. If the spawning of larvae could have the rafting 
dispersal as a by-product, we have to understand what 
behaviour the direct developing species evolved to go on 
board a floating object without a pelagic swimming stage. 
The species richness of such a floating benthos (1205 
species reported by Thiel M, et al. [15]) can equal that on 
the coastline, and the case of vagile benthos of the 
Sargassum floating community in the centre of the 
Atlantic Ocean is emblematic. 


Changes in Abundance and Composition of 
Floating Material 


The Neolithic agriculture revolution used warm 
temperate regions, and forests, as the main places where 
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to realize human settlements, and obtain culture products 
from fertile terrains. Forest woods, in addition, were the 
main resource to obtain building materials and heat 
production. The abandon of nomadism corresponded to 
an abrupt increase of deforestation. The elimination of 
temperate forests, however, was never completed until 
historical recent times when the human demographic 
growth, and the increased request of heat energy of the 
industrial revolution, surpassed the natural renewal rate 
of vegetal communities. In the recent historical period, as 
a consequence, woods and logs started to diminish in the 
rivers runoff due to the reduction of the forested surface 
on land. In the Mediterranean area, as a detail of a 
temperate climate heavily impacted by human presence, 
ice does not transfer material from land to the sea, and 
pumice is produced by a small number of volcanoes, and 
only episodically. In the Mediterranean area, 
consequently, the most important natural element in 
transferring of materials from land to sea has been the 
river run-off. This last element, however, has been very 
recently (the last 100 years) reduced by building of dams 
(Figure 1). 


fi 


Figure 1: In 2018 a storm produced a disaster in 
Italian alpine forests, felling millions of centenary 
trees. Presence of dams impeded the arrival of trees in 
large rivers and finally in to the sea). 


The geologically recent mountain uplift (Alpine 
orogeny) is still ongoing and erosive agents had not the 
time (geologically speaking) to lower mountain tips. This 
corresponds to a general shortness of rivers and steeper 
slopes in their first traits. Even in absence of large water 
volumes, the short distance and the strength of floods are 
able to inject huge amounts of material in the sea. Large 
rivers, to tell the truth, are just the collectors of what 
small and steep water courses give them from the 
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mountains. Whatever we can consider the Mediterranean 
situation, the energy that short rivers produce coming 
down from mountains to sea has justified the realization 
of 537 large dams plus 8463 small barrages only in Italy 
[21] in about 100 years. This capillary barrage of rivers, 
useful for energy production, water reservoir, and land 
protection, produced inevitably a diminution of materials 
injected into the sea. Coastlines and dunes are, from many 
years, endangered and continuously managed to avoid 
their disappearing, mostly in consequences of the lacking 
of a useful support of suspended particles (both large and 
small) in the rivers’ run off. Suspended particles of small 
size diminished in consequence of the building of dams 
and barriers on rivers’ paths, but logs and trees have been 
abruptly reduced and the rafting around of marine 
communities should be someway affected. 


The modern situation is, consequently, a new level of 
the ecological connectivity with the 
disappearing/alteration of actors and actions which 
lasted millions years, more enhanced in closed basins as 
the Mediterranean Sea, which cannot widely exchange 
materials coming from far oceans. An _ additional 
alteration of the ancient situation is also the variation in 
the composition of floating materials. In short, a 
combination of increasing vector diversity and changing 
climate sets the stage for a new era of rafting in the 
world’s oceans [22]. If wood logs have been drastically 
reduced in the recent story of the Mediterranean Sea, it is 
noteworthy that the existence of human marine vehicles 
added floating surfaces to the system in the last 3,000 
years with a drastic increase in the last 300 years. The 
Italian marine fleet, in the center of the Mediterranean, 
offers today floating surfaces at sea with about 100,000 
vessels. 


Figure 2: An evident invasion of marine benthos on a 


not managed ship hull). 
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This fleet has the possibility to shunt in any direction, 
independently from surface currents and winds, thus 
sensibly altering ancient natural routes for possible 
rafters hosted on the hulls. The existence of marine 
fouling on the submerged parts of ships and boats is an 
evident proof of the possibility of the benthos to easy 
settle on floating objects of any type (Figure 2). 


Globally, shipping is the most important vector of 
introduction of marine non-indigenous species (NIS); 
both the larger commercial vessels and the smaller 
recreational boats act in the process of NIS introduction, 
via ballast water and hull fouling [23,24]. In the 
Mediterranean Sea, shipping and boating occur within a 
complex network of port structures [25], thus facilitating 
the spread of propagules. Moreover, the abundance of 
artificial hard structures in ports provides suitable habitat 
for NIS, accelerating their spreading process [26]. 
Notwithstanding it is still unknown how a species without 
a pelagic stage can colonize a floating object of non 
marine origin (pumice or tree), rafting species rose the 
suspect, to Bryan SE, et al. [14] that benthos is able to 
perceive even these irregular opportunities. The denied 
attention to the role of floating material as rafts for 
benthos ordinary dispersal, impedes, today, to have a 
historical perception on how, and if, the quantity of 
floating material varied in the oceans. A final element has 
to be added to the already complex frame of the variation 
of the floating material composition in the recent 
historical period. If ships and boats were exclusively built 
with wood until two centuries ago, now the used 
materials exclude wood but only exceptional and rare 
cases. In addition, modern metallic or synthetic hulls are 
continuously cleaned and/or covered with anti-fouling to 
impede the settlement of any kind of benthic community. 
Curiously, and contrarily to the past, boats and ships 
today play a role in transferring plankton living forms 
(possibly as resting stages) in the ballast waters, more 
than benthos forms as fouling on the hull [27,28]. 


Another revolution in floating debris composition has 
been the discovery/synthesis of plastic materials 
(widespread in the last 60 years) which are not 
biologically degradable, and persist in the marine system 
for long times before to sink and accumulate on the sea 
bed. This long lasting floating material represents a huge 
trouble for the ocean of the future [29,30]. A final element 
concurring to the alteration of the rafting material in the 
ocean in temperate areas, is the ongoing climate change 
(indirectly sustained by Human _ activities) which 
produces weather phenomena of high energy and run-off 
power [22] (Figure 3). 
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Figure 3: Accumulation of wood detritus under a bridge, Cesena, and at sea shore, Rimini, in a 2019 storm event in 
northern Italy. 


Although for the Mediterranean Sea, the pumice is 
present, although irregularly, and it is continuing its role 
in the rafters distribution, it is not clear how the new rafts 
(plastics, overall) and weather situations are affecting the 
settlement and/or the survival of rafters, or what 
differences there are with the traditional wood 
substratum which appears as reduced. Management of 
coastal sites (MPAs specifically) should not evite any 
mechanism of import-export of biodiversity. Barrage of 
rivers, and insertion of new materials in floating debris, 
could have an effect even heavier than, or synergize with, 
climate change, or Lessepsian migration, recently 
assumed as the main disequilibrium factors for the 
Mediterranean ecology, in detail. 


Perspectives 


The adaptation of species to rafting material 
availability is disregarded in reviews of Marine Biologists 
on reproductive strategies and larval dispersal [31] for 
absence of studies. The reduction of floating organic 
debris in the recent historic period, in consequence of the 
deforestation and dam buildings, is an unconsidered but 
probably heavily affecting element endangering the 
equilibrium of benthic communities’ distribution and 
their affirmation on large spatial scales. The injection of 
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new materials (metals and plastics, in the last 200 and 60 
years respectively) in the ocean deriving by modern 
human activities could be not enough to balance the lost 
of floating woods caused by deforestation and river 
damming, because species (if not generalists) are 
probably not adapted to these new substrata. Thiel M, et 
al. [19] reported a total of 1205 species of organisms 
which have been reported as rafters. These, however, are 
related exclusively to the rafting materials of the last 100 
years, and nothing can be compared with evolutionary 
past thus allowing us to understand the role of Humans in 
altering the rafting material composition. 


Oceanography, Geology, and Coastal Management 
developed, however, a large basis of knowledge to ensure 
a successful description of the particular aspect of 
dispersal of organisms mediated by floating debris. The 
recent interest of Marine Scientists on floating plastics, in 
addition, ensures the availability of methods and 
materials to better understand this suspected important 
role in the genetic connectivity and evolution of benthic 
communities. What here is called is to progress on 
processes understanding the patterns [32] by 
encouraging the study of pelagic floating debris to better 
understand the affirmation and evolution of coastal 
benthos (Figures 4a-4d). 
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4c 


4d 


Figure 4a-d a,b: Natural floating material at Sargassum community, Atlantic ocean. a) Sight from surface; b) close up 
just below the sea level. c,d: Artificial floating material. b) Sight from surface d) close up just below the sea level. 
Apparently similar scenarios probably are perceived as different by rafting organisms). 


recruitment and abundance of corals along the Great 
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